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Abstract 
The chemical imaging sensor is a chemical sensor which is capable of visualizing the spatial distribution of 
chemical species in sample solution. In this study, a novel measurement system based on the chemical imaging sensor 
was developed to observe the inside of a Y-shaped microfluidic channel while injecting two sample solutions from 
two branches. From the collected chemical images, it was clearly observed that the injected solutions formed laminar 
flows in the microfluidic channel. In addition, ion diffusion across the laminar flows was observed. This label-free 
method can acquire quantitative data of ion distribution and diffusion in microfluidic devices, which can be used to 
determine the diffusion coefficients, and therefore, the molecular weights of chemical species in the sample solution. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Recently, microfluidic devices have been attracting interests in various fields due to the wide range of 
prospective applications [1, 2]. Applications of microfluidic devices include electrophoretic separation [3], 
filtering [4, 5] and biochemical reactions [6]. These applications utilize size effects of physical 
phenomena in microfluidic channels. To realize microfluidic devices with higher precision and efficiency, 
a precise control and characterization of the interface of solutions in the microfluidic channels are 
essentially important. So far, optical methods have been mainly employed to visualize the flows in 
microfluidic channels. However, optical methods often require indicator dyes and UV light for excitation 
of fluorescence, which may limit the measurement conditions. A dye-free technique is required to 
visualize the ion distribution inside microfluidic channels and to observe the interface between solutions. 
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Fig. 1 (a)The structure of LAPS and chemical imaging sensor. (b)Typical photocurrent – bias voltage characteristics. 
In this study, a measurement system was developed for visualization of ion diffusion in a microfluidic 
channel. The system utilizes the chemical imaging sensor [7], which can visualize the spatial distribution 
of ion concentration based on the principle of a field-effect sensor, LAPS (Light-Addressable 
Potentiometric Sensor, [8]). It consists of an electrolyte – insulator – semiconductor structure, and a 
modulated light beam illuminates the sensor plate as shown in Fig. 1a. The amplitude of the photocurrent 
generated by illumination is dependent on the ion concentration on the sensing surface as well as on the 
applied bias voltage. Therefore, by measuring the shift of the photocurrent – bias voltage curve shown in 
Fig. 1b, the ion concentration at the illuminated position can be determined. By scanning the sensor plate 
with the light beam, a two-dimensional map of ion concentration is obtained. In this study, the developed 
system was applied to investigate the ion concentration profile of laminar flows in a microfluidic channel.  
2. Experimental 
The sensor plate and the scanning system were essentially the same as those described in [9]. A Y-
shaped microfluidic channel structure made of PDMS (Fig. 2a) was bonded onto the sensing surface, and 
a flow system was configured as shown in Fig. 2b. The height and the width of the channel were 160 ȝm 
and 2 mm, respectively. 
 
 
Fig.2 (a) A Y-shaped microfluidic channel structure made of PDMS (b) Measurement system developed in this study. 
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Two different solutions, 0.1M NaCl and 0.1M HCl were injected from the left branch and the right 
branch of the Y-shaped channel, respectively, and photocurrent images inside the channel were collected 
while scanning the sensor plate with a focused laser beam. A measurement area of 9.6 mm × 12.8 mm 
was scanned at a resolution of 128 × 128 pixels. 
3. Result and discussion 
The upper column of Fig. 3a-c shows the photocurrent images of 0.1M NaCl and 0.1M HCl injected at 
different flow rates of 5, 1 and 0.5 ml/h. The stripe patterns observed in the chemical images are the 
artifacts due to defects in the Si substrate [10]. By applying the image calibration method described in [9], 
chemical images with reduced artifacts were obtained as shown in the lower column of Fig. 3a-c. 
Clear boundaries observed in these images suggest laminar flows in the microfluidic channel, which is 
consistent with the Reynolds number less than 2.5. 
 
 
 
Fig. 3: (a)-(c) Chemical images of laminar flows in the microfluidic channel. (d) The cross-section profiles at 0.5ml/h (calibrated). 
At lower flow rates of 1 and 0.5 ml/h (Fig. 3b and c), expansion of the domain of low photocurrent is 
observed corresponding to the diffusion of H+ ions from the HCl stream into the NaCl stream. Between 
the contacting laminar flows, no mechanical mixing occur, and the difference of the ion concentration 
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results in diffusion. Fig. 3d shows the cross-section profiles at different positions of Y = 50, 60 and 70 in 
Fig. 3c. By plotting the length of diffusion as a function of the contacting time of two laminar flows, the 
diffusion coefficient can be calculated by the Fick’s equation. 
4. Conclusion 
In this study, we demonstrated that the combination of a microfluidic channel and the chemical 
imaging sensor realizes label-free visualization of the chemical species inside the microfluidic channel 
and the interface between laminar flows. This system allows measurement of ion diffusion across the 
interface and determination of the diffusion coefficient, which may be applied, for example, to 
identification of unknown chemical species in the sample solution, based on the dependence of the 
diffusion coefficient on the molecular weight. 
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